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AMPLIFIED REFLECTION VIA DEGENERATE FOUR-WAVE MIXING
IN A LASER INDUCED FREE CARRIER PLASM IN GERMANIUM*

D. E. Watkir~s,** C. R. Phipps, Jv. &nd S. J. Thmas
University of California

Los Alamos Scientific Labcratwy
Los Alamos, NM 87545

Abstract

We present the first observation of amplified reflection at C02

laser wavelengths via degenerate four-wave mixing in an optically

Induced free-carrier plasma in germanium. Reflectivitie. of over 100%

are reported in both n-type and p-type Ge. A model is presented which

predicts both the magnitude and the 111 Intensity dependence of the

reflectivity from the free carrier plasma density. This density is

determined experimentally by time-resolving the incident and

transmitted signals obtained above the plasma formation threshold and

deducing the free carrier density via a detailed model which relates

this quantity to the instantaneous, intensity-dependent :ransmiss!on.

●Work performel under the auspices or the U. S. Department of Energy.

**Ph.D. Candidate, University of Mashlngton, Seattle, UA.
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AMPLIFIED REFLECTION VIA ~EGENERATE FOUR-WAVE MIXING
IN A LASER INDUCED FREE CARRIER PLASMA IN GERMANIUM*

D. E. Watkins,** C. R. Phipps, Jr. and S. J. Thomas
University of California

Los Alamos Scientific Laboratory
Los Alamos, NM 87545

We present the first observation of amplified reflection at

10.6 Pm via degenerate four-wave mixing in an optically induced free

carrier plasma in germanium. 1 Reflectivities of 100 - 800% have

bew observed in several samples of Ge pumped at intensities of about

100 MW/cm2.

Figure 1 shows the results of wave mixing experiments in two

samples of Ge, each 3 m long, one optical grade and the other p-type

with an ~cceptor concentration of 6 x 10’5 cm-”3. The plasma

‘formation occurs at intensities above about 80 MW/cm2 in the

counter-propagating pump geometry, and in this regime the reflectivity

exhibits a dramatic increase. The reflectivity varies approximately

as the eleventh power of intensity over the range 8G c I < 120

W/cm*. Amplification of the forward beam was also observed and we

measured an increase of about 80% in this signal, correlated to the

large \eflectivities,

We can estimate the reflectivity by calculating the change in

index of refraction due to optically induced free-carrier density and

using this in the formula for reiiectivity given by Yariv and

Pepper*,

..—-

*Work performed under the duspices of the U. S. Department of Energy.

**Fh.D. :andiaat~, University of Washington, Seattle, WA,
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The free-carrier density is determined experimentally by carefully

time resolving the incident and transmitted signals obtained above the

plasma formation threshold in Ge and deducing the free-carrier density

via a detaileu model we developed3 which relates this quantity to

the instantaneous, intensity-dependent transmission. In this

procedure, a bivariate reverse iteration is performed, applying !?igrod

th~~ry with 10SS4 to experimental time-resolved transmission data.

The model for the total local absorption coefficient ignores only the

Drude-Zener absorption of the heavy holes to obtain the appropriate

fixed and bleachable components of th~ absorption. In this way, we

determine what average excess carrier density would have orovided the

observed transmission with the appropriate spatial variation of the

heavy to light hole partition. When this is done with three samples

of intrinsic germanium of different lengths, results such as in Fig. 2

are obtained.

In the figure, the threshold fcr strong photoionization in a

unidirectional beam is seen to be about.200 MW/cm2. Above this

intensity, excess carrier density varies with intens~ty to the 5.5

power.

The change

is given by

in index of refr~ction we to free carrier generation

[

2fie2N 1
[l+(l+l,’is)~] :l-(l+l/Is;-~

An . - ——nmuz fig+ + +
2mH m*

oe 2L I

where N is the intensity-dependent fre+-carrier density from Fig, 2,

is the linear index refraction, me is the mass and e th~ charge
‘o

of an electron, m~/me - 0.12, m~/me =0.31 and m[ -0,044
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are the effective masses for the conduction, heavy-hole, and light-

hole bands respectively.

For N = 2.5 x lC)’5cm-3 and 1/1s = 125, we obtain An = -6.4 x

10-4. From Yariv and Pepper, the reflectivity produced by this

refractive index is given by R = tan2 (kohnL) where k. is the

free space wave number and L is the interaction length. For L=3mn,

we obtain R = 4.8, in reasonable agreement with experiment. This

model also predicts that the reflectivity varies as I
11, consistent

with experimental results.
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Fig. 1. -

Fig. 2. -

Reflectivity in 3 mn samples of p-type (*) and optical grade

(+) Ge. The llnes are models of reflectivity based on

saturable absorption In p-type Ge and

optical grade Ge.

Peak free carrier densit,yversus peak

the nonlinear index In

input Intensity In

intrinsic yerm~nium with three different sample lengths.

o: 507 Cm, A: 9.7 cm and *: 14.2 cm. The trend line

5.5represents I .
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